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Original repOrt: epidemiOlOgic research Abstract: Physical properties of composite improve when it is preheated prior to polymerization. However, postoperative sensitivity may be considered a potential complication. A review of the literature revealed no reported randomized controlled trials (RCTs) of postoperative sensitivity when using preheated composite resin. The objective of the study was to determine if preheating composite leads to changes in postoperative sensitivity in a parallel RCT. In total, 120 eligible, consenting adults were recruited in private dental practice and randomized into 2 groups of 60 patients. One group had room temperature composite restorations placed and the second had composite preheated to 39°C. The primary outcome was sensitivity after 24 h by the visual analog scale (VAS), recorded blind by patients. Secondary outcomes were VAS scores recorded over a month. Blind statistical analysis used the Mann-Whitney U test to compare the 24-h VAS score between groups and repeated-measures analysis of variance to assess the change over time. Potential confounders were tested using regression models. A total of 115 patients completed the trial: 57 in the heated composite group and 58 in the room temperature group. Analysis of 24-h VAS scores found no statistically significant difference between the 2 groups (P = 0.162). Examining the potential confounders confirmed the nonsignificant difference between heated and room temperature groups on the 24-h VAS score, after controlling teeth type and preoperative pulp test (effect size = 0.173, P = 0.317). Analysis of the secondary outcomes found significant changes (withinsubject effect) in VAS scores over the review period (F statistic = 4.7 , P = 0.002) but not a significant (betweensubject effect) difference between heated and room temperature groups over time (effect size = 0.102, P = 0.197) . There was a significant correlation between preoperative VAS score and postoperative VAS score (P < 0.001). For the restorations in this study, there was no detectable difference in postoperative VAS score between preheated and room temperature composite. Postoperative sensitivity decreased throughout the first month. Postoperative sensitivity was correlated to preoperative sensitivity (ISRCTN 76727312) .
Knowledge Transfer Statement:
The results of this study can be used by clinicians when considering the advantages and disadvantages of preheated composite. The study found no evidence of any change in postoperative sensitivity when using preheated composite. Since preheated composite has superior physical properties, its use for routine care can be considered good practice.
Keywords: composite dental resin, permanent dental restoration, dental materials, dental caries, dentistry, comprehensive dental care
Introduction
Although dental amalgam is still used by many clinicians to restore carious lesions in posterior teeth (Brunton et al. 2012) , there has been a significant increase in the use of resin-based composites, and this trend is expected to continue (Roeters et al. 2005) . Patientreported sensitivity of the restored tooth following treatment (postoperative sensitivity) can be a complication for clinicians placing any restoration. When using composites, Mackenzie et al. (2009) stated that a transient postoperative sensitivity is so common that patients should be warned in advance. Although the symptoms of postoperative sensitivity commonly subside, Hayashi and Wilson (2003) found the occurrence of early postoperative sensitivity was a significant, negative prognostic indicator.
Laboratory research suggests preheating a composite prior to placement can have significant clinical advantages (Daronch et al. 2005) , including the following:
• Improved rheological properties and reduced film thickness (Blalock et al. 2006; Walter et al. 2009 Despite these improved properties, there has not been a wide uptake of the technique of preheating composite. One possible reason for the reluctance of dentists to use preheated composite is the lack of clinical evidence on postoperative sensitivity when using the technique. A review of the literature revealed there had not been a clinical trial that examined postoperative sensitivity in vivo after preheating a composite restorative material. However, there have been many in vitro studies demonstrating improved properties when a dental composite is preheated prior to polymerization (Freedman and Krejci 2004; Trujillo et al. 2004; Daronch et al. 2005; Munoz et al. 2008; Wagner et al. 2009; Nada and El-Mowafy 2011) . These improved rheological properties, improved adaption, increased hardness, and reduced microleakage may or may not reduce postoperative sensitivity.
The primary aim of the study was to determine if preheating a composite resin restorative material leads to a change in 24-h postoperative tooth sensitivity recorded using a patient-centered assessment on a visual analog scale (VAS). VASs have been validated for use in clinical trials (Price et al. 1983) . They are widely used in the dental and medical literature. They assess the pain reported directly by the patients. The VAS uses a continuous scale, 100 mm long, on which the patients mark their experience of pain (range, 0 to 100, with 0 representing "no pain" and 100 representing "the worst pain imaginable").
Secondary objectives of the study were to assess the effect of heating composite on patient-recorded VAS scores at 1 wk, 2 wk, and 1 mo posttreatment. The null hypothesis tested was that there is no difference in postoperative sensitivity between composite warmed to 39°C at placement and room temperature composite. The alternative hypothesis is that there is a difference in postoperative sensitivity between the room temperature and the warmed composite.
Materials and Methods
This study was a single-center, parallelsided randomized controlled trial (RCT) of postoperative sensitivity recorded on a patient-assessed VAS. The trial was conducted in the private primary care dental practice of the first author from 2012 to 2014 and formed part of his master's dissertation. The predetermined trial protocol received ethical approval from the Dental Research Ethics Committee (reference number 110412/IC/81). There were no protocol deviations during the trial. The trial was registered on the ISRCTN database (registration number ISRCTN 76727312). Prior to commencement of the trial, the staff involved in the research completed formal training in research "Good Clinical Practice" (GCP).
A sample size calculation was performed based on an expected 2-sample t test of the primary outcome. Previous published studies were used to estimate VAS score standard deviation and the minimally important clinically significant differences in VAS score. For the power calculation, the power was set at 0.85, α at 0.05, significant difference of means at 1, and a standard deviation of 1.7. The power calculation based on these figures yielded a sample size of 53 for each side of the trial; allowing for a 10% dropout it was decided to recruit 2 groups of 60 patients. Written informed patient consent was obtained from all participants.
The patients were allocated by computer-generated block randomization into 2 groups of 60 patients. The randomization was concealed in sealed sequential envelopes ensuring that operator and assistants were unaware of the allocation sequence before they were opened. One group of patients had composite restorations placed at room temperature while the other had the composite heated to 39°C before placement. The randomization envelopes were not opened until after the cavity preparation to prevent any possibility of bias during tooth preparation. Although the operator was not told which composite (preheated or room temperature) was being passed to him, it was not possible to guarantee the blinding of the operator during the placement of the restoration because of the differences in the viscosity of the composite between the 2 techniques. However, the patients remained blind to the allocation at all times, and the patients recorded the outcome of their treatment on the VAS, at home alone, while they remained blind to their allocation.
The inclusion criteria for the study were as follows:
• Patient is older than 18 y and younger than 70 y.
• Patient is capable of informed consent.
• The tooth gives positive response to testing with an electric pulp tester. • The cavity to be restored is a 1-or 2-surface cavity.
Exclusion criteria were as follows:
• The patient is unable to return the VAS assessment sheets at the appropriate time. • The tooth to be filled is periodontally involved (grade 2 or grade 3 mobile). • The tooth to be filled is an abutment tooth for a removable prosthesis. • The tooth to be filled has undergone orthodontic treatment within the past 3 mo. • The tooth to be filled has had periodontal surgery within the past 3 mo. • The tooth is not able to be restored as laid out in the study protocol.
Primary Outcome
The primary outcome of the trial was the assessment of postoperative sensitivity at 24 h by a patient-assessed VAS score.
Secondary Outcomes
1. The assessment of postoperative sensitivity at baseline, 1 wk, 2 wk, and 1 mo by VAS scores 2. Assessment of the influence of the potential confounding variables by regression modeling 3. Assessment of time-related changes in overall postoperative sensitivity over the duration of the study A number of clinical and patientrelated factors have the potential to influence postoperative sensitivity. Each known potentially confounding variable was recorded for each participant to enable the assessment of these potential confounders and their ability to influence the overall results. The primary and secondary outcomes and the potential confounding variables were predefined and prespecified measures, including how and when they were to be assessed. No changes to the selection of the outcome measures occurred during the trial.
The composite used in the study was HFO Enamel Plus shade UD3, which is a microhybrid composite with 75% filler by weight, manufactured by GDF GmbH. HFO composite and the ENA HEAT composite heater carry "Conformité Européene" marks (CE marks) showing conformity to both European regulations and UK Medicines and Healthcare Regulatory Agency (MHRA) regulations for medical devices. Other materials used during the trial are listed in Table 1 . The materials and heater used throughout this trial were used according to the manufacturer's instructions.
The protocol mandated an independent dentist (associate partner) to review the collected data (including the VAS scores) on a weekly basis, looking for signs of excessive sensitivity or other adverse reaction. If any untoward event occurred, a stop committee was to be convened to determine the continuing safety of the study. There was no untoward event and no recourse to a formal stop committee during the trial.
Statistical Analysis
The SPSS (version 20; SPSS, Inc.) software package and RStudio were used for data analysis, and statistical significance was set at the 5% level. Descriptive statistics were performed to demonstrate the properties of heated and room temperature groups, including sample sizes, means, and standard deviations. Patients' features at baseline were also statistically described in the initial analysis. The nonparametric Mann-Whitney U test was used to compare the 24-h VAS score difference between heated and room temperature groups. Regression model was used to examine the potential confounders of the VAS score outcome. A change of more than 10% of the coefficients in the regression model by introducing 1 more variable would make the additional variable a potential confounder. Repeated-measures analysis of variance (ANOVA) was also performed to assess the time effect over the changes of VAS score at baseline, 24 h, 2 wk, and 1 mo. Wilks's λ test was used to test the VAS score over the 4 time points, and post hoc pairwise analysis with Bonferroni corrections was performed to examine the difference between each 2 pairwise time points.
Results
The patient flow through the trial is shown in the CONSORT flow diagram (Fig. 1) . Of the 149 patients attending for routine dental care who were approached to take part in the study, 120 patients consented and were recruited between September 2013 and February 2015. In total, 115 patients completed the trial: 57 in the heated composite group and 58 in the room temperature composite group. There were no serious adverse events (SAEs) or related adverse events (RAEs) reported during the trial. All analyses were performed on the original assigned groups. The primary outcome was explored, and descriptive statistics are displayed in Table 2 . Focusing on 24-h VAS score, the heated group had a mean (SD) of 4.23 (9.24) versus the room temperature group with a mean (SD) of 3.03 (8.49). At the baseline, various factors had been examined, including patients' demographic features, such as sex and age, tooth information such as teeth type, and number of tooth surfaces, and other clinical relevant test results. Heated group and room temperature group had similar descriptive statistics within each category, showing good stratification.
A Shapiro-Wilk test confirmed the nonnormal distribution of the data from the 24-h VAS score for both the heated group (Shapiro-Wilks, 0.520; P < 0.001) and the room temperature group (Shapiro-Wilks, 0.407; P < 0.001). Therefore, the appropriate test for the primary outcome is the nonparametric Mann-Whitney test. The output of the nonparametric analysis revealed no significant difference in postoperative sensitivity between heated and room temperature composite after 24 h (P = 0.162).
The data from the VAS scores recorded at baseline, 1 wk, 2 wk, and 1 mo were explored and tested for normality for the room temperature group and preheated group. The data were not normally distributed (P < 0.001 for both heated and room temperature groups); therefore, Mann-Whitney tests were used to compare the 2 groups at each time point. There was no statistically significant difference between preheated and room temperature composite in the recorded VAS scores (baseline VAS, P = 0.431; 1-wk VAS, P = 0.401; 2-wk VAS, P = 0.536; 1-mo VAS, P = 0.646). In each case, the null hypothesis that preheating the composite does not affect the VAS score was retained.
The data sets of the potential confounders that are listed in Table 2 were examined. In Table 2 , model 0 uses the regression model with the 24-h VAS score as the outcome variable, and the only predictor used in the model is the group variable (heated or room temperature). The estimated coefficient β is 0.132 with a nonsignificant P = 0.436. Models 1 to 10 are regression models using 24-h VAS score as the outcome variable and 2 independent variables including temperature group as one predictor and one of the potential confounders as an additional predictor. There are 10 potential confounders, and after introducing them into the regression model one by one, we identified "teeth type" and "preoperative pulp test score" as the confounders because the coefficient of the original predictor, "heated.roomtemp," changed over 10% from the original regression model (LaMorte and Sullivan 2015). Finally, model 11 included both confounders, "teeth type" and "preoperative pulp test score," in the regression.
From Table 3 , we can see that "teeth type" is a confounder; however, even if we are controlling the teeth type, there is still no significant difference in 24-h VAS score between heated and room temperature groups (P = 0.212) with an effect size of 0.216. Similarly, when controlling the "preoperative pulp vitality test score," there is still no significant difference between the 2 groups (effect size = 0.100; P = 0.568). We can control both confounders at the same time (model 11), and there is still no significant difference between the 2 groups (P = 0.317), with an effect size of 0.173.
Finally, we were interested in how overall postoperative sensitivity changed over time (Fig. 2) . The groups were combined and the changes in the overall VAS score over time were explored. A repeated-measures ANOVA test was used to see if the combined VAS results changed over time. A significant result was detected using a Wilks's λ test (P < 0.001), and this indicates that the data support the alternative hypothesis that the VAS scores change through time. Pairwise analysis (with Bonferroni correction for multiple testing) was performed to identify where the differences occurred. The analysis detected a significant difference between baseline and 1 mo (effect size = 0.18, P = 0.008), as well as the 24-hour VAS score versus 1-wk (effect size = 0.178, P = 0.012), 2-wk (effect size = 0.286, P = 0.001), and 1-mo VAS score (effect size = 0.336, P < 0.001). There is also a significant change in VAS score at 1 wk versus 1 mo (effect size = 0.158, P = 0.027).
Discussion
The results of the study show no detectable difference between the 2 sides of the trial. Therefore, we retain the null hypothesis that there is no evidence of a difference in postoperative sensitivity between composites placed at room temperature and the composites preheated to 39°C. A comprehensive literature review showed this is the first trial to measure postoperative sensitivity in vivo using heated composite, and therefore a direct comparison with other studies on this issue is not possible. Many of the patients gave scores of 0 for the first 24-h score. A possible reason why there were so many 0 scores in the data set was that most of the patients were recruited to the study when they turned up for a routine examination rather than for an emergency appointment to resolve discomfort. Furthermore, the protocol dictated a sectional matrix band (Triodent V-ring system; Triodent) was to be used, and their use is limited by the width of the box (Cho et al. 2010) . Therefore, the selection criteria for the study were inhibited by the requirement to use the Triodent band, and cavity size was always likely to be moderate to ensure the protocol could be followed. To assess the size of the cavity, the protocol for our study set out to measure the volume of the cavity by recording if 1, 2, or 3 compules of composite were used for each cavity. However, having recorded these data, all the cavities were found to be filled with just 1 compule of composite. Furthermore, no cavities within the trial exposed the pulp and no linings were placed in the cavities (other than the standard composite bond). Caution is therefore needed in the interpretation of these results, and it should be noted that these results are from a trial of small-to moderatesized cavities. Notwithstanding this consideration, it is interesting to note that most patients did not have postoperative sensitivity, and this trial provides data to show the overall incidence of postoperative sensitivity with composite restorations is low.
Flowable composites have some useful properties; they have reduced filler loading, increased particle size, and a low viscosity (Van Noort 2007) . When placed in a cavity, they have high wettability of cavity walls and therefore are less likely to have voids between the composite and tooth tissue (Hervas-Garcis et al. 2006) . They are initially attractive for use as restorative materials, but they have high polymerization shrinkage (3.5% to 6.3%). Furthermore, due to low filler content, they are mechanically weak and not as durable as conventional composites with higher filler content (Van Noort 2007) . Heating a conventional composite has the potential to use the advantages of a flowable composite without the disadvantages. Preheating reduces the material's viscosity, increasing adaption at room temperature (like flowable composites), but the preheated conventional composite does not sag or lose its shape in the same way (Daronch, Rueggeberg, Moss, et al. 2006; Rickman et al. 2011) .
The literature of in vitro studies on warmed composite confirms that the benefit of preheating a composite is that the clinician gains some benefits of a flowable composite without changing the advantageous properties of the microhybrid composite. Indeed, preheating the microhybrid composite improves the physical properties of the composite with lower polymerization shrinkage (1.7% to 3.1%), increased cure rate, and monomer conversion (Daronch, Rueggeberg, Moss, et al. 2006) , providing greater wear resistance and improved marginal adaption (Dos Santos et al. 2011) . From the results of this study, these improvements are achieved with no detectable increase in postoperative sensitivity.
This trial has been able to detect a significant correlation in postoperative sensitivity to preoperative sensitivity. In addition, the trial was able to detect statistically significant differences in postoperative sensitivity between difference types of restored teeth (molar, premolar, anterior) . Furthermore, these results monitored postoperative sensitivity over time and quantified the significant decrease in postoperative sensitivity over the review period. These secondary findings validate the Categorized as "female" (reference category) and "male." c Categorized as teeth type 1 = incisor (reference category), teeth type 2 = canine, teeth type 3 = premolars, and teeth type 4 = molars. d Categorized as "1" (reference category) and "2." e Categorized as "yes" (reference category) and "no." sensitivity of the protocol used in this study. In contrast, no differences were found in patient-reported VAS scores between preheated composite and room temperature composite. We therefore retain the null hypothesis that there is no detectable difference in postoperative sensitivity between preheated and room temperature composite restorations. Figure 2 . This is the plot for the trend of visual analog scale score for room temperature and heated groups over time.
